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Abstract- By deploying pressure sensors on insoles, the forces 
exerted by the different parts of the foot when performing 
tasks standing up can be captured. The number and location 
of sensors to use are important factors in order to enhance the 
accuracy of parameters used in assessment while minimizing the 
cost of the device by reducing the number of deployed sensors. 
Selecting the best locations and the required number of sensors 
depends on the application and the features that we want to 
assess. In this paper, we present a computational process to 
select the optimal set of sensors to characterize gait asymmetries 
and plantar pressure patterns for stroke survivors based upon 
the total variation and L1 distances. The proposed mechanism 
is ecologically validated in a real environment with 14 stroke 
survivors and 14 control users. The number of sensors is reduced 
to 4, minimizing the cost of the device both for commercial users 
and companies and enhancing the cost to benefit ratio for its 
uptake from a national healthcare system. The results show that 
the sensors that better represent the gait asymmetries for healthy 
controls are the sensors under the big toe and midfoot and the 
sensors in the forefoot and midfoot for stroke survivors. The 
results also show that all four regions of the foot (toes, forefoot, 
midfoot, and heel) play an important role for plantar pressure 
pattern reconstruction for stroke survivors, while the heel and 
forefoot region are more prominent for healthy controls. 
flldex Terms-Insole pressure sensors, stroke survivors, 
optimal sensor selection. 
I. IN TRODUCT ION AND RELATED WORK
THE use of insole pressure sensors for the analysis of gait is increasing [ l], [6], [12], [14], [25], [28]. Insole pressure 
sensors provide researchers and clinicians with a tool to 
improve efficiency, flexibility and reduce costs (by automating 
the measurement of gait related features with a limited number 
of sensors [l]). Different patterns and strategies for executing 
a range of functional tasks can be assessed by using insole 
pressure sensors [7]. Extracting and comparing features and 
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time patterns from people with certain medical conditions with 
data from healthy controls could be the basis for their use 
in areas such as rehabilitation and pre-habilitation [7], [13]. 
Assessing gait and movement related features can also be 
applied to sport training [2]. Insole pressure sensors have 
been used in a wide range of different areas such as Tai-Chi 
Chuan learning [3], ulcer prevention [4], monitoring elderly 
people who have a high risk of falling and other mobility 
problems [5], assessing long-term chronic conditions that 
affect the elderly population such as Dementia, Parkinson's 
disease, Cancer, Cardiac Disease, Diabetes and Stroke [6]. 
Insole pressure sensors have also been used to assess the 
walking strategies used by stroke survivors who are following 
a rehabilitation program [7]. 
Stroke is of particular importance and relevance since the 
global incidence of stroke is set to rise from 17 million 
to 23 million by 2030, and it is one of the largest causes 
of adult disability [8], [9]. Approximately two out of three 
stroke survivors experience impaired walking ability with 
subsequent falls risk and associated social isolation [10], [11]. 
Therefore, the relearning of walking is a major component 
of stroke rehabilitation with a self-managed rehabilitation 
paradigm being advocated by many [12]. Assessing walking 
strategies from data captured from insole pressure sensors, 
and using automatically computed distortion indexes, could 
be a valuable tool to help stroke survivors to improve their 
gait [7]. Furthermore, feedback from the insole can be used to 
provide motivation through self-managed rehabilitation during 
post discharge by the health provider [13], [31]-[33]. 
Various types of insoles with different numbers of sensors 
have been used in previous studies to detect gait related 
features from stroke survivors. Lopez-Meyer et al. [34] used 
an insole with 5 force-sensitive resistors (FSR) to compare the 
differences in the stance and swing faces between stroke sur­
vivors and healthy controls. Heel-strike (H) and Toe-off (T) 
instants were estimated using thresholds. The results obtained 
showed that the use of FSR sensors on insoles could accurately 
identify the temporal aspects of the gait cycle in both healthy 
people and individuals with stroke but no further gait related 
features were considered neither a sensor location optimization 
was performed. Qin et al. [14] present a tailor-made 3D 
insole for plantar pressure measurement, comparing it with 
conventional flat insoles. Howell et al. [15] investigate the 
use of a 32 sensor insole capable to replicate the shape 
of the ground reaction force and ankle moment in a stroke 
patient who has regained a more normal gait. The results 
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